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Purpose

This document summarizes the continued implementation of the Lake County
Quagga/Zebra Mussel Prevention Program from January 1, 2020 through December 31,
2020 as a requirement of Title 14 regulations that became effective April 1, 2016.
Specifically, section 672.1 requires that any agency with a Prevention Program to submit
an annual report that summarizes any changes in the reservoir’s vulnerability, monitoring
methods and results, and any resulting program conclusions. This report is being
submitted by the Lake County Watershed Protection District, herein referred to as “The
District” and being submitted to the California Department of Fish and Wildlife (CDFW)
Region 2 Office and the Regional Staff Environmental Scientist.

Executive Summary

On January 6, 2007, quagga mussels (Dreissena rostriformis bugensis), a type of
invasive mussel closely related to invasive zebra mussels (Dreissena polymorpha), and
often referred to as “dreissenid mussels”, were discovered in Lake Mead, Nevada. Since
that time, quagga mussel infestations have been discovered in a growing number of
western lakes and reservoirs, including 43 locations in California (CDFW January
2019). On January 16, 2008, zebra mussels were discovered in San Justo Reservoir, San
Benito County, California.

Lake County has always been especially susceptible to invasive Quagga / Zebra mussel
(herein referred to as “Q/Z”) invasion risk because Clear Lake is the largest natural
freshwater lake located entirely within California. This lake is a fishing destination,
attracting novice and professional bass fishermen from all over the country, and was most
recently rated the number one Best Bass Lake of the Decade according to Bassmaster
(2020) . The lake is also a water recreationists paradise, popular for tubing, swimming,
sailing, kayaking, paddle boarding, water skiing, jet skiing, and leisure boating. Due to
the popularity of Clear Lake, Lake County receives thousands of visitors -- and their
boats -- annually. Even with significant travel and gathering restrictions in 2020 due to
the COVID-19 novel coronavirus, at least 13,681 boaters visited Lake County from all
over the continental US (Figure 1). Because invasive mussels are primarily spread by
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boaters, the probability of an invasive Q/Z mussel introduction via one of at least 750
public or private boat ramps on the lake is high.

«®

Figure 1 Distribution of zip codes of boats visiting Clear Lake in 2020 (i.e. zip codes
where visiting boats are registered)

The most important part of Lake County Q/Z prevention management revolves around
the county’s mussel sticker program. Information on this program and the Lake County
Quagga and Zebra Mussel Prevention Plan are available on the Lake County Q/Z mussel
—specific website www.nomussel.com. Within the program, every vessel coming into the
county has to go through a screening process, where they are deemed low, medium, or
high risk, depending on their registered or resident origin and most recently-visited
waterbody (high risk locations are provided in an Infested Counties List provided in
Attachment 1). Once vessels are deemed safe to launch, they are given a resident or
visitor-specific hull sticker. This program helps to assure that incoming vessels and other
watercraft are mussel-free, which helps to lower vulnerability into Lake County
waterbodies. Additional outreach and education efforts are a major influence on the
success of this program, as an educated populace can promote and distribute the tenants
of a prevention plan and associated programs (more information on sticker sales and
education and outreach results and products are available in Attachment 2).

The Q/Z monitoring program was established to detect any known populations of Q/Z
mussels in waterbodies vulnerable to invasion in Lake County. Monitoring efforts in
Lake County is completed by a partnership between The District and CDFW, where Lake
County conducts field sampling and CDFW provides laboratory analysis of collected
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water samples to determine the presence of juvenile mussels, otherwise known as
veligers. The monitoring program also includes artificial substrate monitoring,
infrastructure / surface structure surveys, and the aforementioned veliger tows. All
monitoring protocols are provided by the CDFW and are available online at:
https://www.wildlife.ca.gov/Conservation/Invasives/Quagga-Mussels.

Additionally, in-situ water quality metrics, important for determining habitat suitability
for Q/Z mussels, are collected during monthly monitoring events of Clear Lake, during
additional sample times when possible, and when sampling in other Lake County water
bodies. Historic monthly water quality data (~1968 through 2019) is provided by
Department of Water Resources (WDR) Water Data Library, and tracks the relevant
parameters to assess Q/Z suitability in this lake.

Based on 2020 monitoring, Clear Lake, Indian Valley Reservoir, Blue Lakes, and Lake

Pillsbury, the four most visited lakes in Lake County’s waterbodies, with both public and

private access, have not had a positive detection of Q/Z mussels. However, 2020 was a
very unusual year due to COVID-19, as well as low water levels in fall, which cause the
closure of two public ramps; Keeling Park and Lucerne. While the early portion of the
year coincided with lower boating activity from residents and visitors, as restrictions
lifted, boating and fishing activity increased and resulted in overall larger then expected
numbers in 2020.

Clear Lake Ramp Monitor -
Boater Contacts Feb - August 2019 & 2020
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Figure 2 Contacts made at public ramps by Boat Ramp Monitors for 2019 & 2020 to
demonstrate comparisons in ramp use and activity for spring-summer seasons.
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Monitoring Methods

The primary agency responsible for managing the Q/Z mussel prevention program in
Lake County is the Lake County Watershed Protection District. The District, was
originally created as the Lake County Flood Control and Water Conservation District as a
political subdivision of the State of California established under the Lake County Flood
Control and Water Conservation Act, of the State Water Code in 1951. The District is
administered by the Director of Water Resources who reports to the County Board of
Supervisors, which acts as its Board of Directors. The District functions are to plan,
manage, maintain, implement, evaluate, and expand all aquatic invasive species programs
such as the Aquatic Plant Management Program and the Q/Z Mussel Prevention Program.
The District relies on several partners to maintain the Q/Z program. With logistic support
from the District, CDFW conducts veliger tows 3-5 times a year at multiple sites in Lake
County including Clear Lake, Blue Lakes, and Indian Valley Reservoir. PG&E conducts
tows and monitoring at Lake Pillsbury. The California State Parks Division of Boating
and Waterways provides Q/Z grant funds to support the District’s boat ramp monitor
network for Clear Lake, inspection training and equipment, and all essential educational
materials.

Table 1: Type of watercraft access and monitoring for Lake County waterbodies.

Vessel Type of Q/Z Mussel Monitoring
Accessibility : Artificial
Lake Tvpe Veliger Tows Substrate Infrastructure
Name (Pub%li[;: Vs (LCWRD or Monitoring / Surface
Private) ' PG&E) Stations Monitoring
(LCWRD)
Blue .
L akes* Private (LCWPD) (LCWPD)
Clear .
Lake Public (LCWPD)
Hidden
Valley Private
Lake
ngh-land Public** *xk
Springs
Indian
R i Co.) Yolo Co.)
eservoir
Lake .
Pillsbury Public (LCWPD) (LCWPD)

*Restricted to 5Smph/ non-personal watercraft vessels.

**No motors allowed on boats in this lake.

***Q/Z mussel signage was added in 2020 by the beach park and water pump
infrastructure is monitored, a permanent substrate monitoring station will be added
2021.
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a) Artificial Substrate Monitoring. The District performs monthly artificial substrate
monitoring according to the methods and procedures provided by the CDFW . Atrtificial
substrates are a series of submerged PVC plates suspended from a dock, bridge, or buoy
(Figure 1). Placement of these 18 substrates is based on proximity to a potential
introduction pathway, mostly located near popular public ramps and access points, but also
located in an area where they can remain undisturbed but also easily accessible for
monitoring by staff. The district staff monitor and record results of artificial substrates
monthly, when able, however the substrates remain in the water year-round. Although not
all substrates where checked monthly in 2020 due to staffing and COVID restrictions,
results of artificial substrate monitoring that did occur indicate that all substrates were clean
and the monitored waterbodies within the county currently do not have any detections of
invasive mussels established on artificial substrates (Table 4, Monthly data provided in
Attachment 3).

[
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California Department of Fish and Wildlife
Biological Research

PLEASE DO NOT DISTURB
For information about this study please contact:

Bob Smith, Environmental Scientist
(XXX) XXX-XXXX

Example of a label

Figure 2 Artificial substrate example provided by the CDFW.

b) Infrastructure / Surface structure surveys are also performed by the District and citizen
monitors at the end of summer season when temporary docks and associated
infrastructure are removed from Clear Lake or other water bodies and placed in dry,
storage areas. Additional survey inspections have occurred when buoys have been
removed from Grebe nesting areas in late summer. During this process, submerged
chains and buoy bodies are inspected for any attached mussels. To date, there have been
no findings of invasive mussel presence or establishment from these surface surveys.

c¢) In 2020, veliger tows were performed by both CDFW Region 2 Regional Biologist Angie
Montalvo and the District. CDFW conducts mussel monitoring in some of the high risk
waterbodies in the State according to the protocols outlined in online at CDFW Mussel
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Tow protocols. Ideally, in any given year, the District collects drag tows 3-5 times a year
in Indian Valley Reservoir, Upper Blue Lakes and Clear Lake. The veliger monitoring in
Lake Pillsbury is completed by PG&E, who own and manage the Scott’s dam and
reservoir. Water samples from three sites are aggregated into one bottle and sent to the
CDFW Shellfish Health Lab (SHL) located in Bodega Bay, CA. Water samples are
analyzed for the presence / absence of veligers following a cross-polarized light
microscopy (CPLM), based on the methods of Johnson, 1995. Molecular (PCR) methods
were not used to analyze the samples. Based on tow data collected during 2020, albeit
limited due to COVID complications, there were no positive detections for invasive
mussel veligers in sampled Lake County waterbodies at this time.

d) Clear Lake drinking water intake monitoring plans and outreach efforts. Lake County
Special Districts operates or oversees approximately three water intakes on Clear Lake of
the 18 total public and private water delivery systems on the lake. Because fish screens
are at intake sites, and the intake themselves are constructed of materials that pose risk
for colonization, a majority of water purveyors are aware of the importance of monitoring
QZ for maximized aquatic invasive species (AlIS) prevention. Each water district has
been alerted to the possibility of mussel’s introduction and establishment and they
monitor for any mussel presence when regular maintenance is performed on inlet pipes,
screens and filters. In June 2019, AlS District staff Angela De Palma-Dow, presented on
Q/Z and drinking water systems to several drinking water purveyors and the Water Board
drinking water division regional engineer at a quarterly meeting in Lakeport, CA. In
addition to sharing education and outreach for Q/Z monitoring and prevention, the group
decided to create a monitoring and reporting plan for Q/Z drinking water prevention for
Clear Lake during 2020. However, due to complications from COVID-19 interfering with
meetings, staffing and county priorities, and this deadline has been extended into 2021.

Monitoring Results

Due to COVID-19 related complications on lake closures, boating restrictions, and staff
shortage and turnover, reduced veliger tow sampling was conducted by CDFW / District
in 2020. During this sampling each tow contents was collected into one or more sample
jars. For each sampling, in Upper Blue Lakes (n=2), Clear Lake (n=1) sample jars were
analyzed and resulted in no positive detections of Q/Z mussel veligers for 2020 (Table 2).
Sampling did not occur in Indian Valley in 2020 due to boating restrictions, low water
levels, and complications with the transition from CDFW to county monitoring. Artificial
substrate monitoring was performed by both Lake County Water Resources staff in Clear
Lake (n=13), Blue Lakes (n=2), Lake Pillsbury (n=1), and by citizen monitors in Hidden
Valley Lake (n=8) and results from these surveys resulted in no positive detections of
attached adult Q/Z mussels (Table 3). Additional infrastructure monitoring in late 2020 of
removed docks and exposed shoreline, also indicated no presence of settled adult mussels
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(Table 4). Results from all monitoring surveys during 2020 returned no detection of Q/Z
in the sampled waterbodies.

In addition, lake water quality conditions, when measured, in Blue Lakes and
Clear Lake, such as water temperature, calcium, pH, dissolved oxygen, turbidity, and
salinity, are well within the ranges preferred by Q/Z mussels. (Pucherelli et al. 2016,
Whittier et al. 2008; Cohen 2005; 2008) (Table 5).

Table 2: 2020 Results of Veliger Tows in Lake County Waterbodies (aggregated), ND=
Non-detection of Q/Z mussel veligers in analyzed samples, NS = not sampled due to
COVID-19 lake closures, restrictions for boating, staff shortage

Waterbody Month Result
October 20, 2020 ND
Blue Lakes, Upper October 28, 2020 ND
April NS*
July NS
Clear Lake October NS
December ND
April NS*
Indian Valley Reservoir July NS**
Sept NS**

*|_ake Closure due to COVID-19

** Low lake levels prevent launching at ramp

Table 3: Results of Artificial Substrate Inspections Lake County— 2020. Sample dates for
some or all of 2020 sites were Jan 23, August, Sept 3, Nov 25™,

Waterbody Site Material 2020
3rd Street, Lakeport - new Square plastic plates Clean
3rd Street, Lakeport Concrete discs Clean
5th Street, Lakeport - new Square plastic plates Clean
Redbud Launch ramp Square plastic plates Clean
Redbud Launch ramp - new Square plastic plates Clean
Clearlake Oaks Concrete discs Clean

Clear Lake Clear Lake State Park Square plastic plates Clean
Clear Lake State Park - new Square plastic plates Clean
Keeling Park Concrete discs Clean
Lakeside Park - new Square plastic plates Clean
Konocti Vista Casino Resort Concrete discs Clean
Braito's Marina Concrete discs Clean
Lucerne Harbor PVC pipe Clean

Blue Lakes Narrows Resort Concrete discs Clean
Lake Pillsbury Pillsbury Resort Square plastic plates *
Fullers campground PVC pipe *
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Hidden Valley Fishing dock Square plastic plates Clean
Marina Square plastic plates Clean
*Lake Closure due to COVID and closed boat ramps due to low water level throughout 2020
Table 4: Infrastructure and Surface structure surveys -2020
Waterbody Location Type Technician Date Result
Library Park | Floating Dock Dec 9, 2020 | Clean
Clear Lake | Lakeside Park | Installed Dock | M. Jackson | Dec 31, Clean
and shoreline 2020

Table 5: Average water quality measurements from Blue Lakes, Clear Lake and Indian
Valley Reservoir (2019) and parameter ranges shown to be suitable for the growth and

establishment of (Adult) Q/Z mussels. WQ sampling was limited in 2020 due to COVID
related boating restrictions and the transition from state-funded sampling to County funded

for both DWR and CDFW sampling programs.
- Hardness! - :
Temp | Conductivity D.O. Salinity | Calcium?
Year, Month C) (uS/cm) pH* (ma/l) (mg/L (ppm) (mg/L)
g caco3) | ‘PP g
Blue Lakes - Upper
2020, Oct 20 19.0 268.3 7.9 8.08 N/A N/A N/A
2020, Oct 28 17.9 269.2 8.05 8.05 N/A N/A N/A
Clear Lake
2020, Jan 12.3 289 7.8 9.3 1141 N/A 21
2020, June 26.0 312.0 8.8 11.56 N/A N/A N/A
2020, Dec 9.3 378.7 7.8 9.24 138 N/A 26
Indian Valley Reservoir
2019, April N/A N/A 9.2 N/A N/A N/A N/A
2019, May N/A N/A 9.5 N/A N/A N/A N/A
2019, July N/A N/A 9.1 N/A N/A N/A N/A
2019, Sept N/A N/A 10.0 N/A N/A N/A 22.0
Preferred Range for | ¢ 555 | 5901 5/cm? 6.5-9.5 >2-62 | 100-420> | 0-12% | >122
Q/Z mussels

*Where multiple measurements were taken in one month, the pH value reflects an average

! Hardness and Calcium measured in Dissolved Species; Data provided by DWR (Surface 0.5
m, Upper Arm) Water Data Library http://wdl.water.ca.gov/waterdatalibrary/
2 Data provided by Pucherelli et al. 2016 (BLM)

3 Data provided by Cohen 2005 (prepared for CDWR)
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Discussion

There are several important factors to consider when assessing the vulnerability
of a waterbody, or bodies, to the introduction and establishment of invasive mussels. The
first factor, which determines the introduction, is the likelihood that a mussel, adult or
veliger, could be introduced to the waterbody. Due to the inability of these species to
walk, fly, or be transported among non-hydrologically connected waterbodies, the main
source of distribution across long, terrestrial distances is through transport on trailers
and/or boats or boating equipment (Cohen 1998; Dalton & Cottrell 2013). Additional
research by Collas et al. (2021) has found that even when exposed to air and wind speeds
over 50km per hour, a quagga mussel can survive attached to a boat hull for up to 18
hours. Infested waterbodies exist within that range of Clear Lake, making the likelihood
of an introduction via boat likely. The second factor is the probability of the invasive
species, once introduced, has suitable habitat to survive, reproduce and become
established. Habitat suitability for invasive mussels is based on several specific
environmental conditions of the waterbody, such as temperature, conductivity, pH, DO,
hardness, salinity, and calcium (Cohen 2005; 2008). Based on the water quality chemical
and physical parameters collected from at least four waterbodies in the county, Clear
Lake, Upper Blue Lakes, Lake Pillsbury and Indian Valley Reservoir (Table 5) contain
the appropriate water quality parameter and habitat for invasive mussels to survive and
become established. The remaining factor, that can most easily be controlled, is the
introduction risk by boat or trailers.

The single most important water characteristic that indicates a high risk of colonization is
a calcium level of 15 mg/L or greater. Clear Lake has an average 25 mg/L calcium level
(DWR Water Data Library 2019). With preferable environmental conditions well-suited
to an invasive mussel establishment, preventing and managing all vulnerable introduction
pathways is going to be the best strategy for preventing an invasion.

When considering these two factors together, likelihood for an introduction coupled with
the required water quality environment, Clear Lake, the largest waterbody in the county
does contain preferable environmental conditions for the establishment of Q/Z mussels.
Therefore, because Clear Lake has a high probability of Q/Z introduction, establishment
and invasion, monitoring becomes a vital important component of the management and
prevention effort in both the lake and throughout the county.
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Attachment 1. 2020 Infested Counties List updated annually or as needed.

Updated Oct 2020

MUSSEL

INFESTED
COUNTIES
CALIFOENIA

HIGH RISK

CALIFORNIA
Imperial

Los Angeles
Orange
Riverside

San Bernardino
San Diego
Ventura

HIGH RISK
SUSPECTED
LAKES

PERRIS
CASTAIC
SILVEEWOOD
PYRAMID

HEAVILY
INFESTED
LAKES

MEAD

PIRU

POWELL

HAVASU

MOHAVE
COLORADO RIVER
SKINNER

EL CAPITAN
OTAY

HODGES

MUSSEL INFESTED

COUNTIES in the
WESTERN STATES

HIGH RISK

ARIZONA
Coconma
Gila
LaPaz
Maricopa
Mohave
Yuma

COLORADO
Archuleta
Grand

Logan

Park

Pueblo

MONTANA
Liberty

Lewiz & Clark
Broadwater

Washington

NEW MEXICO
De Baca

Fio Ariba

San Juan

NEVADA
Churchill
Clark
Elko

Lyon
Pershing

UTAH
Emery
Garfield
Kane

San Juan
Uintah
Waszatch
Washington
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TEXAS

All Vessels Launched in
Texas in the PAST 30
Diavs Must be inspected

STATES NOT INFESTED

LOW RISK

Alaszka

Florida

Hawaii

Idaho

Maine

New Hampshire
New Jersey
North Carolina
Oregon

Ehode Island
South Carolina
Washington
Wryoming
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Attachment 2. Outreach Education products and results 2020.
Some additional noteworthy results and outcomes from mussel prevention programming
in Lake County include the following:

1. 2020 participation in the Lake County Mussel Sticker Program

a.

b.

About 38 business / vendors / screeners participated in the Sticker program
during 2020.
Sold 5398 resident stickers, 8283 visiting monthly stickers, totaling 13,681in
2020 (compared to 15,156 stickers during 2019). Lower numbers sold during
the early part of the year in March/ April were due to COVID-19 travel
restrictions and lake closures. And some reduced visitation in September and
October was due to regional large wildfires and impaired air quality (August
complex and LNU complex).
During 2020 we recorded vessel 51 inspections (compared to 170 inspections
in 2019) and about 5 of those were either spot, partial or went through a full
decontamination.
i. This included one full decon and engine tear down on a zebra-mussel
infested/encrusted 26-ft Bayliner that came in from Ohio.
County staff and sheriffs issued 3 citations for non-compliance to visiting
boaters launching into Clear Lake without acquiring the required screening
and sticker. This is compared to 9 issued in 2019 and 8 issued in 2018,
I. Reductions in citations this year is probably due to lake closures, travel
restrictions, and general reductions in boat activity due to COVID.

2. Outreach and educational efforts improve Q/Z outreach and education

a.

Due to COVID-19 restrictions in place for part of the spring season, the QZ
program staff at Lake County had to develop some additional methods and
strategies for safely implementing this grant program. Some of these strategies
were presented at a Collaborative Mussel Webinar titled “Socially Distant
Boater Outreach and Watercraft Inspections”. During the year 2020 when
routine outreach opportunities are not applicable, we hope that participation in
this webinar will help to satisfy some of the outreach requirements outlined in

this grant. The audio can be found here:
https://invasivemusselcollaborative.net/event/webinar-socially-distant-boater-outreach-and-

watercraft-inspections/ and the slides are available at this link
https://invasivemusselcollaborative.net/wp-content/uploads/2020/05/DePalmaDow-Clear-
Lake-A-Double-Trouble-May-28-2020.pdf

i. For example, one of the measures put in place to keep boat inspectors
safe while inspecting private and personal property is the creation and
posting of these signs at ramps (below) to communicate to boaters.
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Please follow these COVID19 safety
requirements for boat inspections

- Thank You -

* Boater is required to assist with removing any covers, lowering
motor, and opening compartments to allow for a full inspection.

* Maintain a 6-foot social distance.

*  Visit our website for more information on the Lake County QZ
prevention program at www.nomussels.com

ii.

b. May 2020 - As part of the COVID-19 response, when Clear Lake reopened
(May 8™) to the public, the program managers were concerned about the
increased risk to ramp monitors when interacting with boaters, from both
residential and visiting origins. To reduce potential exposure between ramp
monitors and boaters and boater’s personal property as per the Lake County
Ramp Monitor, Watercraft Inspection and Decontamination Station Protocols
to Address COVID19 Prevention Plan, the County employed help from
Mussel Dogs during busy weekends for some of the ramps. This pathway both
helped reduce exposure and lessen contact between boaters and monitors, but
it also helped manage the surge in boaters visiting our lake as Clear Lake was
the first open water body in the greater western northern California region to
open (including Lake Mendocino, Sonoma, Berryessa, Orville, Folsom,
Solano, Pillsbury, Indian Valley Reservoir). Part of this process included lots
of messaging and outreach to ensure that during any boater surge (combined
with reduced exit expectation activities on southern QZ-infested lakes) our
public was still heeding the local QZ ordinance (Chapter 15 Title 1X) and its
associated regulations for boats going through the screening and inspection
process.

i. Here are two example video snapshots. The videos themselves can be
found online at the provided links/address on the Lake County Water
Resources Facebook Page (@LakeCountyWater).

ii. First photo (bottom left) FB Post from May 16th, 2020 Barnacle
Mussel Sniffing dog, with estimated reach of 1.4 and 771 viewing
past 3 seconds. This video earned 85 likes, mostly with women
between 55-64 in California, in the form of a video, which can be
viewed at this link
https://www.facebook.com/lakecountywater/videos/693986991412990/

iii. Second photo (bottom right) FB post from May 28th, 2020 Gilligan
Mussel Dog video estimated reach 1.2K, 555 viewing past 3 seconds.
This video earned 74 likes, mostly women between the ages of 35-44
in California. https://www.facebook.com/watch/?v=249959632745291
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Dreissenid Mussel Prevention Program Annual Report-2020
Lake County Watershed Protection District

Lake County Water Resources Department is & feeling ~ ***

awesome at Lake County, California.

Published by Angela Dow [] - 16 May at 17:33 - - @
<turn sound on>
Introducing Barnacle, the awesome and famous mussel-sniffing dog!!
Barnacle and his furry friends will be making special guest appearances
this May weekend and Memorial day weekend at several popular Clear
Lake boat ramps near you!
Barnacle and his Mussel Dogs team members are specially trained
working dogs that can sniff out invasive mussels that may be hiding
anywhere on a boat or watercraft. These dogs may look super cute and
adorable, but they and their noses are working hard to help Water
Resources and our Ramp Monitors protect Clear Lake from the highly ﬁ e County Water Resources Departrnent
destructive invasive Quagga and Zebra mussels! -9
If you would like to know more about our invasive mussel prevention Gilligan Mussel Dog at RedBud Park, Memorial Day 2020,
programming, check out our website at www.nomussels.com Encion A IaniKs M Seliegs o e

“«“!\

Until then, Barnacle woofs the mussel inspections must go on!

aM usigL:Dogs.help us protecty
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